Abstract. Air is a mixture of gases forming the gas wrap of Earth. It is formed by dry air, moisture and other pollutants. Dry air is a substance whose thermodynamic properties in gaseous state, as well as the thermodynamic properties of its main constituents in gaseous state, are generally known and described in detail in the literature. The liquid air is a bluish liquid and is industrially used to produce oxygen, nitrogen, argon and helium by distillation. The transition between the gaseous and liquid state (the condensation process, resp. boiling process), is usually displayed in the basic thermodynamic diagrams using the saturation curves. The saturation curves of all pure substances are of a similar shape. However, since the dry air is a mixture, the shapes of its saturation curves are modified relative to the shapes corresponding to the pure substances. This paper deals with the description of the dry air saturation curves as a mixture, i.e. with a description of the process of phase change of dry air (boiling process). The dry air saturation curves are constructed in the basic thermodynamic charts based on the values obtained from the literature. On the basis of diagrams, data appearing in various publications are interpreted and put into context with boiling process of dry air.
Dry air composition
Dry air is a mixture of gases, most of which are nitrogen 2 
N
and oxygen 2 O . The composition of clean dry air does not change up to about 9 5 k m above sea level and corresponds to the values in Table 1 according to the International Standard Atmosphere [1] . 2 I I2 up to 0.000001 * Air 100
(The content of the gas which is marked by the asterisk may undergo significant variations from time to time or from place to place.) The dry air considered in [2] contains no carbon dioxide 2 C O or other trace elements. The composition of clean dry air considered in [2] corresponds to the values in Table 2 .
According to [2] , errors due to measurement are greater than differences due to deviations in the air composition under consideration.
Boiling of the components of dry air
If we focus on the phase change between the liquid and gas phases, the parameters (i.e. pressure, temperature and volume or density) of the critical point cr and triple point tr are given for 2 O , 2 N and Argon A r in [2] -see Table 3 and Table 4 . The critical point is the state with the highest possible pressure and at the same time the highest possible temperature at which boiling of the pure substance may occur. The triple point is conversely the state with the lowest possible pressure and at the EPJ Web of Conferences 180, 02114 (2018) https://doi.org/10.1051/epjconf/201818002114 EFM 2017 same time the lowest possible temperature at which boiling of the pure substance may occur. The liquid-vapor saturation curve in the equilibrium p t  diagram, which passes through the boiling points, begins in a triple point tr and ends at a critical point cr . For nitrogen 2 N and oxygen 2 O , it is possible to find boiling parameters in [3] , i.e. for each temperature it is possible to find the pressure at which boiling occurs. For argon Ar, the required data was searched in [4] . From the above data, a saturation curve in the equilibrium phase p t  diagram can be constructed for each of the dry air components -see Figure 1 .
During the change phase at constant pressure of the pure substance, i.e. nitrogen O for each temperature, it is possible to find not only pressure but also density (resp. the specific volume) at the beginning and at the end of boiling process. From these data, for each of the components, a curve connecting the saturated liquid states (liquid saturation curve) and a curve connecting the saturated vapor state (vapor saturation curve) can be constructed in the p v  diagram, see Figure 2 . The critical point for each of these curves lies at the "highest" point of the corresponding saturation curve, i.e. at a point corresponding to the maximum pressure at which the substance can boil. The diagram also shows the boiling process for both gases for several different temperatures (from 2 
Phase change of dry air
Boiling of mixture has a different course from the boiling of the pure component [5] , [6] . Let us assume the binary mixture only (we only consider nitrogen 2 N and oxygen 2 O ). By isobaric heating of the binary liquid mixture at a certain temperature we reach the state in which the mixture begins to boil (point of starting the boiling). The point of starting the boiling at the given pressure is uniquely determined by the boiling point of the components at the corresponding pressure and by the proportional composition of the individual components in the mixture. During the boiling of the liquid phase, the more volatile component of the mixture -in our case nitrogen 2 N -evaporates more intensively. This means that the emerging gas phase will be "richer" about the nitrogen 2 N , on the other hand the remaining liquid phase will be "poorer" about nitrogen 2 N . Thus, the composition of the liquid phase varies -in the liquid phase there is a higher oxygen ratio than it was in the beginning of boiling. If the boiling should continue, the temperature must gradually increase -i.e. the boiling (phase change) of the mixture at constant pressure does not proceed under a constant temperature but with a gradual increase of temperature! At a certain temperature, all the liquid phase is converted to the gas phase -the boiling is finished. The boiling end temperature is higher than the starting boiling temperature at a given pressure, and is again uniquely determined by the boiling point of the individual components at the corresponding pressure and at the relative proportion of the individual components in the mixture.
Fig. 2. Liquid and vapor saturation curves in p v
 diagram for dry air components: nitrogen 2 N -green, oxygen 2 O -blue; cr -critical point.
In the equilibrium phase p t  diagram, the boiling of the mixture of given composition is not represented by a single curve (in which points the boiling would run at constant pressure and temperature) but by a loop, on the left branch of which are the starting boiling points and on the right branch of which are the boiling end points for the mixture of this composition. For dry air, it is possible to find the start and end melting states parameters in [2] . Figure 3 shows (the dotted line in Figure 3) . The pseudocritical state, unlike the critical state, is not defined by the highest possible pressure of boiling and the highest possible temperature of boiling (see Table 5 ). The pseudocritical state is defined as envelope curve of the saturation loops. Looking at the top of the dry air curve (see Figure 4) , we can see that in pseudocritical condition the pressure is lower than the maximum pressure at the saturation loop, i.e. if the boiling of air at the pseudocritical pressure 3 .7 8 6 0 p M P a  would run, then at the beginning of boiling, the air temperature (at that point is the air in the whole volume in liquid phase) would correspond to the pseudocritical temperature 1 4 0 .6 1 9 4 t C    , but the temperature would increase during boiling. The boiling could however take place at a higher pressure: the maximum pressure, at which the elementary boiling process (phase change) could take place in the air, is (i.e. higher than pseudocritical). This state is called maxcondenbar state.
Looking at the top of the dry air curve (see Figure 4) , we can also see that in pseudocritical condition the temperature is lower than the maximum temperature at the saturation loop. When we observe a process of phase change during isothermal expansion, so the maximum temperature, at which the elementary phase change could take place in the air, is The difference in the course of the phase change of the mixture from the phase change of the pure substance can also be seen in the p v  diagram: during the phase change (for example during boiling) at constant pressure, volume of mixture increases but temperature of the mixture increases too. Conversely, during the phase change (for example from a liquid phase to a gaseous phase) under constant temperature conditions, volume of mixture increases but pressure of the mixture decreases. In Figure 5 , the saturation curves of the beginning and end of the boiling process are plotted in the p v  diagram for dry air (and for comparison for nitrogen N2 and oxygen 2 O too), including the network of isotherms. 
Conclusion
Dry air is a mixture of many gases. Except for nitrogen 2 N and oxygen 2 O , gases are present in the air in a small amount and their effect on the thermodynamic behavior of the air can be neglected. Thus, from a thermodynamic point of view, dry air can be considered as a binary mixture. Changing the phase of the mixture takes place (at a constant pressure) while changing the temperature. Therefore, in the equilibrium phase p t  diagram of dry air, the saturation curve passes in the saturation surface bounded by saturation loop. On its lower branch are the points of starting of phase change and on the upper branch there are the points of the ending of phase change. At the liquid-vapor saturation curve of dry air, there is an interesting area near "critical" point with three important points: a pseudocritical point, a point corresponding to the maximum possible condensing temperaturemaxcondentherm point, and a point corresponding to the maximum possible condensing pressure -maxcondenbar point.
